The rate of return of a zero-coupon bond with maturity T is determined by our expectations about the mean (+), variance (-) and skewness (+) of the growth of aggregate consumption between 0 and T . The shape of the yield curve is thus determined by how these moments vary with T . We first examine growth processes in which a higher past economic growth yields a first-degree dominant shift in the distribution of the future economic growth, as assumed for example by Vasicek (J. Financ. Econ. 5, 177-188, 1977). We show that when the growth process exhibits such a positive serial dependence, then the yield curve is decreasing if the representative agent is prudent (u > 0), because of the increased risk that it yields for the distant future. A similar definition is proposed for the concept of seconddegree stochastic dependence, as observed for example in the Cox-Ingersoll-Ross model, with the opposite comparative static property holding under temperance (u < 0), because the change in downside risk (or skweness) that it generates. Finally, using these theoretical results, we propose two arguments in favor of using a smaller rate to discount cash-flows with very large maturities, as those associated to global warming or nuclear waste management.
Introduction
How much effort are we ready to make today to improve the future? Households are faced with this question when they plan their savings for retirement, whereas entrepreneurs have to determine whether to undertake new investment projects. At the collective level, one needs to determine, for example, whether to limit the national budget deficit, or whether to invest in the education system. In a recent past, similar questions emerged, but with the striking innovation of being related to the far-distant future. Exploring the universe, protecting the biodiversity, limiting the extraction of exhaustible resources, dealing with nuclear wastes and global warming are a few examples of policy questions that confront us to our attitude towards improving the welfare of human beings that will live in hundreds or thousands years in the future. These valuation questions are all solved by the selection of the discount rate.
As is well-known, the use of a single rate to discount sure cash-flows at all maturities implies that costs and benefits occurring, say, in more than 100 years are typically irrelevant for the decision, because of the exponential nature of discounting. This is why for example the so-called "Copenhagen Consensus" 1 ranked all projects linked to the prevention of global warming at the lowest priority level based on standard cost-benefit analyses with a constant discount rate. The problem is that there is a priori no scientific reason to believe that one should discount all maturities at the same rate. The tradition of using a constant rate in cost-benefit analysis should not be seen as a dogma, but rather as a useful practical simplification. Various authors-among whom Weitzman [36] [37] [38] is the most vocal-claimed that one should opt for discount rates that are decreasing with the maturity of the cash flows under scrutiny. Weitzman [38] in particular develops an argument for selecting a zero discount rate for maturities around 50 years, the discount rate becoming even negative for longer time horizons. Of course, adopting such recommendations would massively reallocate our collective investments towards those benefiting to distant generations, potentially at the detriment of actions with more immediate benefits such as fighting malaria and promoting education in developing countries. It is therefore important to have a good understanding of the reasons why we should adopt such decreasing discount rates.
Since the seminal contribution of Vasicek [35] , economists have intensively explored how efficient discount rates should vary with the maturity of the corresponding cash payment. The immense literature on the term structure of interest rates has produced an important corpus of knowledge about this question. It is quite unfortunate that researchers discussing this question in the various forums of environmental economics do not take advantage of the existence of this vast literature. 2 There are several reasons for that. First, most papers on the yield curve are aimed at explaining the observed shape of that curve, whereas environmental economists have a much more normative approach. Notice however that the absence of frictions in the standard models on the term structure implies that the equilibrium interest rates are also the socially efficient discount rates to be used in cost-benefit analysis. Second, researchers in finance are usually interested in pricing traded assets, which implies that their time-horizon is limited by the largest maturity of existing liquid markets for risk-free assets, which does not exceed 30 years. Last but not least, this literature is highly complex, and it does usually not provide intuition to the underlying phenomena. This is well summarized by Piazzesi [30] : "The quest for understanding what moves bond yields has produced an enormous literature
